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(Submitted for publication May 18, 1960 ; accepted September 15, 1960) Sensitive immunologic techniques and more purified preparations of bovine pituitary thyrotropin have made it possible to re-examine the question of whether thyrotropin acts as an antigen upon injection into heterologous species. This possibility was first indicated by Werner (1, 2) in 1936, to explain the loss of responsiveness to thyrotropin which Collip and Anderson (3) previously had observed to follow repeated injection of crude pituitary extracts. These latter workers, having demonstrated that serum from such refractory animals could neutralize the effect of thyrotropin upon the thyroid in nonrefractory animals, postulated that thyrotropic stimulation had caused an increase in the titer of an antihormone acting to preserve homeostasis by exerting an effect opposite to that of the thyrotropin. In conflict with the antihormone thesis, however, were the observations (4) that a flavianic acid preparation of thyrotropin did not evoke refractoriness, could stimulate the thyroid of the refractory animal, and could not be neutralized by the serum of refractory animals-supporting the view that antibody to a foreign protein, rather than an antihormone, had been induced. To date, however, there has been no in vitro demonstration of a circulating antibody specific for thyrotropin (5) , nor is it known whether highly purified thyrotropic preparations evoke antibody formation.
The results of the present experiments suggest that in the rabbit, bovine thyrotropin itself, or a closely associated and as yet not separable protein, does induce the formation of precipitating antibody; and that antisera containing such antibodies can neutralize the thyrotropic effect of the hormone.
* Aided by grants A-8 (C8-11), National Institutes of Health, Division of Arthritis and Metabolism; Institutional Grant of the National Cancer Institute (CY 2332) and National Heart Institute Grant H 3923.
METHODS
Thyrotropic hormone preparations. Three bovine thyroid-stimulating hormone (TSH) preparations were used in these studies. One, in clinical use under the trade name Thytropar, contained approximately 1 international unit (IU) per mg ("Armour"). The two other preparations contained greater activity ranging from 5 to 25 IU per mg, and were provided through the kindness of Dr. Peter G. Condliffe and Dr. Rohert W. Bates ("Condliffe"), and Drs. John L. Pierce and M. E. Carsten ("Pierce"). Both of these latter preparations were concentrated on anion diethylaminoethyl (DEAE) and cation (carboxymethyl cellulose) exchange resins (6, 7) with some variations in methodology between laboratories. A mouse pituitary tumor thyrotropin preparation was made available by Dr. Condliffe and Dr. Bates (8) and a preparation of human thyrotropin by Dr. John Bakke and Dr. Peter Heidemann.
Pituitary hormone preparations other than 'ISH. A number of pituitary hormone preparations other than TSH were tested for cross reaction with the anti-TSH sera. The sources of these preparations are listed in Table II . All preparations termed "Wilhelmi" were provided by both Dr. Alfred E. Wilhelmi and Dr. Stanley Ellis. The bovine growth hormone and prolactin preparations were obtained as a gift of the Endocrine Study Section, National Institutes of Health.
Preparation of antisera. The antisera used for the precipitation. Absorption with hormone preparationls was accomplished as with the bovine serum.
Immunological anialYses. Ouchterlony plates (10) were prepared by placing 25 ml of 0.7 per cent agar in veronal or phosphate buffer, pH 7.2, in Petri plates of 9 cm diameter. Wells were so cut as to permit the selected sera and antigens to be placed in the desired relation to one another. The wells were then filled, the dishes stored at 40 C, and inspection made daily.
Immunoelectrophoretic analyses were performed according to the technique of Grabar and Williams (11) . The electrophoretic separation of the antigen solutions and the subsequent precipitin reactions were carried out in a 1 per cent agar gel containing veronal buffer, pH 8.6, ionic strength of 0.025.
Bioassay for TSH activity following electrophoresis int agar. In order to establish the relationship of the immune precipitates to biologically active TSH, duplicate electrophoretic separations were performed on standard microscope slides (25 X 75 mm) coated with buffered agar (veronal, pH 8.2). The central antigen wells of these slides were filled with 0.015 ml of Armour TSH (0.15 IU per 0.015 ml) and electrophoretic separation was carried out at a potential gradient of 10 v per cm for a period of 2 hours. Following electrophoresis, a trough for antiserum was cut in the agar of one slide, parallel to the axis of electrophoretic migration, and this trough was filled with absorbed anti-TSH antiserum (C,). Both slides were placed in a moist chamber at 40 C for 24 hours at which time a precipitation arc was visible on the slide containing antiserum. Strips of agar with a volume of 0.02 to 0.04 ml were then cut perpendicularly to the electrophoretic axis from four sites, two on the cathodal side and two on the anodal side of the antigen well at distances of 2 to 3 and 4 to 5 mm from the well. These four strips of agar were triturated in 0.5 ml of physiological saline and the suspension solution injected into mice for bioassay of TSH activity as described below. In a second experiment, the identical procedure was followed except that the agar strips were removed from the slide without antiserum immediately after electrophoresis, and the four sites were located at distances of 4 to 5 and 12 to 13 mm from the antigen well. Testing of the antisera for antithyrotropic activity was accomplished by one of two procedures. In one, the antiserum, or the globulin fraction of the antiserum (14) , was mixed with the thyrotropin preparation, placed at 40 C overnight, and then injected without centrifugation the following morning. In the second procedure the antiserum was injected subcutaneously at 16 hours, and again at 1 hour, prior to the injection of the hormone on the opposite side of the body. Absorption of the antisera with bovine serum did not materially affect the ability of the antisera to neutralize TSH activity. Accordingly, absorption with bovine serum was not routinely performed in these bioassay studies.
RESULTS
Precivpitins to TSH and other pituitary hormaones analyfcd by the Ouchterlony technic. Antisera to all three TSH preparations were found to contain precipitins to bovine serum proteins and yielded one to four bands when tested in the Ouchterlony system. This is illustrated in Figure 1 for two of the antisera to Armour TSH and it is evident that several of the bands of precipitation produced against the homologous TSH preparation are continuous with bands of precipitation produced against bovine serum. Some of the precipitin bands between the antisera and TSH, however, are apparently specific for TSH antigens. These bands are seen near the antibody wells or as spurs (see arrows, Figure 1 ). Antiserum Anti-TSH antisera were tested for precipitin reactions with several other hormones of pituitary origin, and these results are presented in Table II . Two preparations of ovine luteinizing hormone (LH) produced precipitation with anti-Armour and anti-Condliffe TSH sera. Figure 3 serum (C1) and two preparations of TSH and LH, respectively. The inner line of precipitation produced by the TSH preparations appears to blend with the band produced by LH, whereas the outer band is apparently specific for a TSH antigen. Figure 4 shows that the C1 antiserum to Condliffe TSH after absorption with LH still retains a strong precipitin to the TSH antigen and further, as shown in Figure 5 , this antigen is common to all three TSH preparations. Among the other pituitary hormones tested (Table II) Figure 6A it is seen that a very strong precipitin arc having the characteristic polydispersed electrophoretic distribution of y-globulin is obtained when anti-Condliffe TSH antiserum is reacted against bovine serum. ure 6B shows that the major serum protein present in the Armour TSH preparation is albumin. The Armour TSH preparation also contains some y-globulin, although this is not well seen in Figure 6B . These arcs were eliminated by absorption of these antisera with bovine serum. The reactions of Armour TSH with unabsorbed and absorbed anti-Armour TSH antiserum are shown in Figure 6C . It is seen that the absorption with bovine serum eliminates the precipitin arcs in the albumin and gamma regions, leaving a single arc in the a-2 mobility range. Figure 7A shows that the anti-Condliffe TSH antiserum, after absorption with bovine serum, produces a single precipitin arc in the fast beta mobility range when reacted with its homologous antigen but, significantly, this same absorbed antiCondliffe TSH antiserum, when reacted with the Armour TSH preparation, produces three, or possibly four, precipitin arcs covering a broad range of mobility from the slow beta to the fast alpha region ( Figure 7B ). The details of this reaction between the absorbed anti-Condliffe TSH antiserum and Armour TSH are better illustrated in Figure 8 . It is apparent that all of the arcs are immunologically interrelated, as evidenced both by fusion of their extremities and by their similar electrophoretic distributions and geometric shapes. Thus, the inner alpha arc, designated a', has a long cathodal extension traversing into the beta region. The outer alpha arc, designated a", A
. REACTION OF BOVINE SERUM WITH UNABSORBED ANTI-CONDLIFFE TSH (LOWER TROUGH) AND ABSORBED ANTI-CONDLIFFE TSH ANTISERA (UPPER TROUGH)
. The long, polydispersed precipitin arc (arrows) produced by the unabsorbed antiserum has the characteristic distribution and mobility of y-globulin. also can be interpreted as either having a long arc, a". The possible interpretations of these findcathodal extension, or alternately as fusing with ings are discussed below. another precipitin arc of beta mobility which is Immunoelectrophoretic analysis of the reaction designated /3'. Finally, the anodal end of the of luteinizing hormone with anti-TSH-antiserum. outer beta arc, /8", partially fuses with outer alpha As noted above, a preparation of LH of ovine ori- 
B. REACTION OF BOVINE SERUM WITH UNABSORBED ANTI-ARMOUR TSH ANTISERUM (LOWER TROUGH) DEMONSTRATES

SERUM (UPPER AND LOWER TROUGHS).
A long precipitin arc extending from the fast alpha to the slow beta mobility range is seen; the region of maximal precipitation is in the alpha mobility range.
B. REACTION OF LUTEINIZING HORMONE WITH ANTI-ARMOUR TSH ANTISERUM ABSORBED WITH BOVINE SERUM (UPPER AND LOWER TROUGHS).
A long precipitin arc is again seen, but the maximal precipitation is in the beta mobility range.
C. ANALYSIS OF THE INTERRELATIONSHIPS OF ARMOUR TSH AND LUTEINIZING HORMONE, US-ING
A THREE-REACTANT SYSTEM. The Armour TSH was electrophoresed. The antiserum was placed in the upper trough, and the luteinizing hormone in the lower trough. The straight lines of precipitation (dashed lines, arrows) at the anodal and cathodal ends of the agar represent the reaction between the luteinizing hormone and the anti-TSH antiserum. These lines partially fuse with the anodal and cathodal ends of the arc produced by the reaction between the Armour TSH and the antiserum.
gin (Wilhelmi LH) cross reacts with anti-TSH shown in previous patterns, was employed in this antiserum. The immunoelectrophoretic analysis study. When this antiserum was reacted with its of this reaction is shown in Figure 9 . An anti-homologous antigen (Armour TSH), a strong Armour TSH antiserum, different from that precipitin arc of alpha mobility and a much weaker beta arc (or possibly a beta extension of the alpha the alpha arc of TSH. This establishes a partial arc) was obtained ( Figure 9A ). When reacted immunological relationship between TSH and with ovine LH, this antiserum yielded a long arc LH, but not complete identity. The thesis that extending across the beta and alpha regions, but, these proteins are not identical is further supported in contrast to the homologous system, the precipi-by the differences in their electrophoretic maxima. tation maximum of this LH arc was in the beta Bioassay for TSH activity following electrophoregion ( Figure 9B ). In an attempt to elucidate resis in buffered agar. Two bioassay experiments the interrelationship of the TSH and LH precipi-for TSH activity were performed on agar strips tin arcs, a modified immunoelectrophoretic proce-removed from slides following electrophoresis. dure (15) was utilized whereby the eletrophoreti-The results of these experiments are shown in cally separated TSH fraction was simultaneously Table III. In the first experiment (A), the slides reacted with both the anti-TSH antiserum and the were kept overnight at 40 C before removal of the LH ( Figure 9C ). In this analysis, the LH was agar strips; in the second experiment (B), the permitted to diffuse from a trough in the agar on agar strips were removed immediately following the side of the antigen reservoir opposite the anti-electrophoresis. serum trough. This reaction is ilustrated in FigIn Experiment A, TSH activity was demonure 9C. It is seen that the precipitin reaction be-strable on both the anodal and the cathodal side of tween LH and the anti-TSH antiserum is in the the antigen well, corresponding to the distribution form of a straight line, and that the cathodal end of immune precipitation in the control slide deof this line partially fuses with the anodal end of veloped with anti-TSH antiserum. The activity Neutralization of thyrotropin effect by anti-TSH antiserum. By means of the two bioassay systems described above, it was possible to demonstrate that the anti-TSH antisera were capable of neutralizing the thyrotropic actions of both homologous and heterologous TSH preparations. Both the whole antisera and the globulin fractions thereof were effective, whereas normal rabbit serum and its globulin fraction were totally ineffective. A precise titration of the least amount of antiserum which would neutralize a given amount of TSH was not performed, but this is planned for future studies. Table IV presents the results of a bioassay in hypophysectomized rats, employing Armour TSH and anti-Armour TSH antisera. Table V presents the data derived from seven experiments in which antisera to Armour TSH and Pierce TSH were tested for antithyrotropic activity in mice given several different TSH preparations of bovine, human and murine origin. Significant cross reactions between the antisera to bovine TSH and the thyrotropin preparations obtained from other species are evident, but precise quantitative data were not obtained due to the lack of availability of sufficient amounts of the human and murine TSH preparations.
DISCUSSION
In 1958, Henry and Van Dyke (16) described the production and characterization of precipitating antibodies to bovine luteinizing hormone, and in 1959 Hayashida and Li (17) reported similar immunochemical studies of antisera to pituitary growth hormone of various species. The present report describes the results of an immunologic and biologic analysis of antisera to bovine thyrotropin preparations. Precipitating antibody was produced, and this antibody appears to be specific for bovine thyrotropic hormone. A reaction of identity as defined by the criteria of Ouchterlony (10) was obtained when the anti-TSH antiserum was tested against three different preparations of bovine TSH of varying degrees of purity.
In adllition to the precipitins to TSH, these antisera were dlemonstrated to contain precipitating antibodies to various bovine serum proteins and also to LH. By the immunoelectrophoretic technic, it was possible to identify albumin and y-globulin as the major serum protein contaminants of the Armour TSH preparation, and y-globulin as the principal contaminant of the more highly purified TSH preparation of Condliffe By two different bioassay methods, the anti-TSH antisera have been shown to be capable of neutralizing the thyrotropic activity of both homologous and heterologous TSH preparations. Cross neutralization of TSH activity was demonstrated between the anti-bovine TSH antisera and TSH from mouse pituitary tumor and human pituitary sources. Thus, antisera to TSH would seem not to be as highly species specific as antisera to growth hormone (17) , and this is in good correspondence with the known effectiveness of TSH from bovine and other sources in heterologous species.
It is still not established whether the precipitating antibody to beef TSH is directed to and specific for the hormionally active groupings of the TSH molecule or to some other part of the molecule. As stated previously, studies of flavianic acid preparations of TSH (4) 
